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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a surface coated-thermet cutting tool having a cutting blade face of low 
frictional resistance to chip. 

SOLUTION: Oxygen in a hydrogen or hydrogen -argon thermal decomposable reaction gas is diffused and intruded 
into at least a cutting face of a surface coated-thermet cutting tool where a hard coating layer chemically 
evaporated and/or physically evaporated on a surface of a WC group hard metal base or a TiCN group thermet 
base is composed of an undercoating layer having an average thickness of 0.1-15 u.m, and a surface layer having an 
average thickness of 2-15 u.m, the undercoating layer is a Ti compound layer composed of one or more layers of a 
Tic layer, a Tin layer and a TiCN layer, and the surface layer is one or more coating layers of a (Ti, Al) N layer and 
a (Ti, Al) CN layer, over an average depth corresponding to 5-20% of an average thickness of the hard coating layer 
forming the surface coated-thermet cutting tool, from an uppermost surface to form a diffused introduced oxygen- 
contained band having an average content of the diffused and intruded oxygen in the uppermost surface of 1-25 
at.% on the basis of the measurement by an Auger spectral analyzer. 
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1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On the front face of a tungsten carbide radical cemented carbide base or a titanium carbonitride radical 
cermet base It consists of a substrate layer which has the average thickness chemical vacuum deposition and/ or 
whose hard enveloping layer by which the physical vapor deposition was carried out are 0.1-15 micrometers, and a 
surface layer which has 2-15-micrometer average thickness. In and Ti compound layer which said substrate layer 
turns into from one layer or the double layer more than two-layer of the carbide layer of Ti t a nitride layer, and the 
carbon nitride layer In the cutting tool made from a surface coating cermet with which said surface layer consisted 
of one layer or the double layers more than two-layer of the compound nitride layer of Ti and aluminum, and the 
compound carbon nitride layer The average depth which corresponds at 5 - 20% of the above-mentioned cutting 
tool made from a surface coating cermet of the average thickness of the hard enveloping layer which constitutes 
said cutting tool made from a surface coating cermet from the outermost surface in a cutting face at least is 
covered. The oxygen in the thermal decomposition reactant gas of a hydrogen system or a hydrogen-argon system 
carries out diffusion permeation, without reacting with said hard enveloping layer substantially. And the cutting tool 
made from a surface coating cermet which has the cutting face where frictional resistance with the chip with which 
the average content in the outermost surface of said diffusion permeation oxygen comes to form the diffusion 
permeation oxygen content band which is one to 25 atom % in measurement by Auger-analysis equipment is small. 



[Translation donej 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has especially small frictional resistance with the chip of a cutting face, 
therefore its viscosity is high. When it uses for cutting of stainless steel, mild steel, etc. which a chip comes to show 
high adhesion to a cutting face by this, even if this is the high speed cutting to which adhesion increases further 
much more It is related with the cutting tool made from a surface coating cermet (henceforth a covering cermet 
tool) which continues and demonstrates the cutting-ability ability which does not have generating of a chip, a 
chipping (minute chip), etc. in a cutting face, and was excellent in it at a long period of time. 
[0002] 

[Description of the Prior Art] Generally the arc ion plating system whose covering cermet tool is one sort of the 
physical-vapor-deposition equipment shown in drawing 1 in an approximate account Fig. is used conventionally. At a 
heater the inside of equipment in for example, the condition of having heated in temperature of 700 degrees C Arc 
discharge is generated between an anode electrode and the cathode electrode (evaporation source) with which the 
aluminum-Ti alloy which has Metal Ti and a predetermined presentation was set. These mixed gas is introduced into 
nitrogen gas, or methane and a pan as reactant gas in equipment at coincidence. On the other hand, to the base 
(henceforth [ these are named generically and ] a cermet base) of tungsten carbide (WC shows hereafter) radical 
cemented carbide or a titanium carbonitride (TiCN shows hereafter) radical cermet On the conditions which 
impressed the bias voltage of -120V, for example, on the front face of said cermet base The carbide (TiC shows 
hereafter) layer and nitride (similarly TiN shows hereafter) layer of Ti, And it is manufactured by vapor-depositing 
this carbon nitride (TiCN showing hereafter) layer and the hard enveloping layer which consists of a layer [ nitride / 
compound / of Ti and aluminum / [N (Ti, aluminum) shows hereafter] ], or a layer [ carbon nitride / compound / [CN 
(Ti, aluminum) shows hereafter] ] further. 

[0003] Moreover, it consists of a substrate layer which has 0.1-15-micrometer average thickness on the front face 
of the above-mentioned cermet base, and a surface layer which has 2-15-micrometer average thickness as a 
covering cermet tool. In and the compound layer of Ti which said substrate layer becomes from one layer or the 
double layer more than two-layer of a TiC layer, a TiN layer, and the TiCN layers Chemical vacuum deposition 
and/or the covering cermet tool which comes to carry out a physical vapor deposition are known in the hard 
enveloping layer by which said surface layer was constituted from one layer or the double layer more than two-layer 
of N (Ti, aluminum) layer and (Ti, aluminum) the CN layers. It is also known that these covering cermet tool is used 
for continuation cutting and intermittence cutting of for example, various low alloy steel, cast iron, etc. Furthermore, 
using the mixed gas which contains organic carbon nitride for the TiCN layer of the Ti compound layers which 
constitute the hard enveloping layer of the above-mentioned covering cermet tool as reactant gas with usual 
chemical-vacuum-deposition equipment for the purpose of the improvement in toughness of the layer itself, forming 
by carrying out chemical vacuum deposition in a 700-950-degree C moderate temperature temperature region, and 
having the longwise growth crystalline structure is also known so that it may be indicated by JP.6-8010.A and JP.7- 
328808.A, for example. 
[0004] 

[Problem(s) to be Solved by the Invention] Laborsaving and energy saving of as opposed to [ FA-izing of cutting 
equipment in recent years is remarkable, and ] cutting at one side. Although cutting is also in the inclination of 
improvement in the speed while the demand of low-cost-izing is still stronger, and a cutting tool is asked for one 
kind of versatility which can cut the **-ed material of many kinds of material in connection with this as a tool can 
be carried out Although it is satisfactory in the above-mentioned conventional covering cermet tool when this is 
used for usual continuation cutting on conditions and usual intermittence cutting cutting of low alloy steel, cast iron, 
etc. When **-ed material is viscous high stainless steel, mild steel, etc., extremely the chip of **-ed [ these ] 
material Since the adhesiveness over a cutting face is high, become easy to generate a chip and a chipping in a 
cutting face owing to this. Since the adhesion over the cutting face of said chip comes to increase the more much 
more the more cutting speed furthermore accelerates, the present condition is generating of a chip or a chipping 
becoming much more remarkable, and resulting in a use life comparatively as a result for a short time. 
[0005] 

[Means for Solving the Problem] Then, the result of having inquired this invention person etc. developing the 
covering cermet tool which does not have generating of a chip or a chipping in a cutting face even if a chip has high 
adhesiveness from the above viewpoints, (a) The above-mentioned conventional covering cermet tool with usual 
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chemical-vacuum-deposition equipment or physical-vapor-deposition equipment An introductory mixed-gas 
presentation into said equipment by capacity % C02 or C02+CO(however, less than [ CO:15% ]):0.1-20%, H2 or 
H2+Ar (however, less than [ Ar:70% ]) : if it processes on the conditions which made the remainder and were set to 
reaction ambient temperature: 6 00-1 100 degree C and reaction ambient pressure force:30 - 800torr The oxygen in 
the thermal decomposition reactant gas generated in the surface section of a covering cermet tool from the 
introductory mixed gas of the above-mentioned hydrogen system or a hydrogen-argon system The TiC layer, TiN 
layer which constitute the hard enveloping layer of said covering cermet tool, And, without reacting substantially 
with the surface layer of the substrate layer of a TiCN layer, and N (Ti, aluminum) layer and (Ti, aluminum) CN layer 
That is, the diffusion permeation oxygen content band which comes to carry out diffusion permeation should come 
to be formed, without forming the oxide of TiC, TiN, and TiCN, and the oxide of N (Ti. aluminum) and (Ti, aluminum) 
CN. 

[0006] (b) Adjust the above-mentioned processing conditions (the processing time is also included), and make the 
depth of the diffusion permeation oxygen in the above-mentioned diffusion permeation oxygen content band into the 
average depth equivalent to 5 - 20% of the average thickness of the hard enveloping layer which constitutes a 
covering cermet tool from the outermost surface. By and measurement according the average content of the 
diffusion permeation oxygen in the outermost surface of said diffusion permeation oxygen content band to Auger- 
analysis equipment If one to 25 atom %, it will set to the covering cermet tool of this result. Since frictional 
resistance with the chip of said diffusion permeation oxygen content band is very small Come to demonstrate the 
cutting-ability [ with which the viscosity of **-ed material is high, and a chip indicates high adhesion to be to a 
cutting face ] ability which generating of a chip or a chipping was especially lost to the cutting face even if it was 
high speed cutting, such as stainless steel and mild steel, and continued and was excellent in the long period of time. 
The research result shown in (a) and (b) above was obtained. 

[0007] This invention is made based on the above-mentioned research result On the front face of a cermet base It 
consists of a substrate layer which has the average thickness chemical vacuum deposition and/or whose hard • 
enveloping layer by which the physical vapor deposition was carried out are 0.1-15 micrometers, and a surface layer 
which has 2-15-micrometer average thickness. In and Ti compound layer which said substrate layer turns into from 
one layer or the double layer more than two-layer of a TiC layer, a TiN layer, and the TiCN layers In the covering 
cermet tool with which said surface layer consisted of one layer or the double layers more than two-layer of N (Ti, 
aluminum) layer and (Ti, aluminum) the CN layers The average depth which corresponds at 5 - 20% of the above- 
mentioned covering cermet tool of the average thickness of the hard enveloping layer which constitutes said 
covering cermet tool from the outermost surface in a cutting face at least is covered. The oxygen in the thermal 
decomposition reactant gas of a hydrogen system or a hydrogen-argon system carries out diffusion permeation, 
without reacting with said hard enveloping layer substantially. And it has the description in the covering cermet tool ■ 
which has the cutting face where frictional resistance with the chip with which the average content in the 
outermost surface of said diffusion permeation oxygen comes to form the diffusion permeation oxygen content band 
which is one to 25 atom % in measurement by Auger-analysis equipment is small. 

[0008] In addition, having set the depth from the outermost surface of a diffusion permeation oxygen content band 
to the average depth equivalent to 5 - 20% of the average thickness of a hard enveloping layer in the covering 
cermet tool of this invention If it becomes easy to generate exfoliation in this very thing and the average depth, on 
the other hand, exceeds an equivalent for 20% when the diffusion permeation oxygen content in the outermost 
surface performs [ the average depth ] intermittence cutting in the high condition relatively under by the equivalent 
5% It is based on the reason for becoming easy to generate a chipping in this very thing. Moreover, having made the 
average content of the diffusion permeation oxygen in the outermost surface in this hard enveloping layer into one 
to 25 atom % Under 1 atom % of reduction of as opposed to the chip of a cutting face in the average content of 
frictional resistance is inadequate. In the high chip of adhesion, when it cannot prevent to satisfaction that a chip 
and a chipping occur in a cutting face but the average content exceeds 25 atom % on the other hand, hardness falls 
rapidly and is based on the reason wear comes to advance quickly. 

[0009] in addition, in the above-mentioned covering cermet tool, in Ti compound layer which constitutes the 
substrate layer of the hard enveloping layer of this N (Ti, aluminum) layer which constitutes a cermet base and this 
surface layer, and (Ti, aluminum) CN layer do, and it combines with all of these both firmly. If the adhesion from 
which an operation which raises the adhesion over the cermet base front face of a hard enveloping layer is 
therefore which the average thickness excelled [ micrometers / less than 0.1 ] in the request cannot be secured but 
the average thickness exceeds 15 micrometers on the other hand By the reason for becoming easy to generate a 
chip and a chipping, the average thickness is determined to the cutting face as 0.5-15 micrometers. Moreover, if the 
abrasion resistance from which the operation which raises the abrasion resistance of a cutting tool much more is 
shown in the above-mentioned surface layer therefore which the average thickness excelled [ micrometers / less 
than 2 ] in the request cannot be secured but the average thickness exceeds 15 micrometers on the other hand, 
the average thickness is determined to the cutting face as 2-15 micrometers by the reason for becoming easy to 
generate a chip and a chipping. 
[0010] 

[Embodiment of the Invention] Below, an example explains the covering cermet tool of this invention concretely. WC 
powder, C (Ti, W) which all have the predetermined mean particle diameter within the limits of 0.5-5 micrometers as 
raw material powder (by the weight ratio) the following — the same — TiC/WC=30/70 powder and CN (Ti, W) 
(TiC/TiN/WC=24/20/56) powder — C (TaC/NbC=90/10) powder. Cr3C2 powder, and Co powder are prepared. Each 
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these raw material powder (Ta. Nb) By weight % As an object for cermet base A, Co:5%, C (Ti, W):2%, CN(Ti, W):4%, 
As the remaining combination presentation and an object for cermet base B, C:3%, WC : Co:6%, (Ta, Nb) As the 
remaining combination presentation and an object for cermet base C, C:2%, WC : Co:6%, (Ta, Nb) C:2% and 
Cr3C2:0.6%, WC : It blends with the remaining combination presentation. (Ta, Nb) 1 ton/cm2 after carrying out wet 
blending for 72 hours and drying with a ball mill Press forming is carried out to the green compact of a 
predetermined configuration by the pressure. Vacuum sintering of this green compact is carried out on condition 
that 1410-degree C 1-hour maintenance among the vacuum of 0.05torKs). Cermet base A-C was manufactured for 
the throwaway tip configuration specified to ISO and CNMG1 20408, respectively by performing honing of 0.02R to 
the cutting blade edge line part which the rake face which finally constitutes a cutting face, and a flank cross. 
[0011] Moreover, TiCN which all has the predetermined mean particle diameter within the limits of 0.5-2 
micrometers as raw material powder (by the weight ratio) the following — the same — TiC/TiN=50/50 powder and 
CN (Ti, W, Mo) (TiN/WC/Mo2C=74/17/9) powder — NbC powder, TaC powder, Co powder, and nickel powder are 
prepared. Similarly these raw material powder by weight % Co: 3%, nickel:3%, NbC:15%, TaC:12%, TiCN:14%, CN : Blend 
with the remaining combination presentation and wet blending is carried out with a ball mill for 24 hours. (Ti, W, Mo) 
1 ton/cm2 after drying Press forming is carried out to the green compact of a predetermined configuration by the 
pressure. Vacuum sintering of this green compact is carried out on condition that 1530-degree C 1-hour 
maintenance among the nitrogen-gas-atmosphere mind of 1 5torr(s). The cermet base D was manufactured for the 
throwaway tip configuration specified to ISO-CNMG1 20408 by similarly performing honing of 0.02R to the cutting 
blade edge line part of a cutting face finally. 

[0012] These cermet base A-D in subsequently, the condition of having cleaned ultrasonically in the acetone It 
inserts in the arc ion plating system shown in drawing 1 . respectively. Equipping with the Ti-aluminum alloy which 
had various component presentations in the metal Ti list as a cathode electrode (evaporation source) on the other 
hand, respectively, exhausting the inside of equipment, and holding to the vacuum of 1x10~5Torr Heating the inside 
of equipment at 700 degrees C at a heater, impressing the bias voltage of -120v subsequently to a cermet base, and 
introducing the mixed gas of methane, nitrogen gas, or methane and nitrogen gas as reactant gas in equipment Arc 
discharge is generated between said cathode electrodes and anode electrodes, and it has in it. On each front face of 
said cermet base A-D The covering cermet tools 1-10 were conventionally manufactured, respectively by forming 
the hard enveloping layer which consists of the substrate layer and surface layer of the presentation shown in 
Tables 1 and 2, and target thickness. In addition, when the thickness of the substrate layer of each hard enveloping 
layer of the covering cermet tools 1-10 and the configuration layer of a surface layer was measured about five 
arbitration cross sections using the scanning electron microscope and that average was calculated conventionally 
which was obtained as a result, the same value was substantially indicated to be target thickness. 
[0013] Next, each of the above-mentioned conventional covering cermet tools 1-10 was inserted in usual chemical- 
vacuum-deposition equipment, and this invention covering cermet tools 1-10 were manufactured in the combination 
shown in Table 3 t respectively by forming a diffusion permeation oxygen content band on condition that either of 
condition a-j shown in Table 4. When the average depth (average of five places in an arbitration cross section) from 
the outermost surface of the diffusion permeation oxygen content band formed in the cutting face surface section 
using Auger-analysis equipment about each of this invention covering cermet tools 1-10 obtained as a result and 
the average content (average of five arbitration parts) of the diffusion permeation oxygen of the outermost surface 
were measured, the result shown in Table 3 was shown. 

[0014] The above-mentioned this invention covering cermet tools 1-10 and conventionally furthermore, about the 
covering cermet tools 1-10 **-ed material : The round bar of JIS-SUS304, cutting speed:1 80m/min., Slitting : 
1.5mm, delivery:0.2mm/rev., cutting-time: 10 minutes. The dry type continuation high-speed-cutting trial of the 
stainless steel in **-ed material : The round bar of Inconel (brand name) 600, Cutting speed : 50m/ min., 

slitting:1.5mm, de I ivery:0.2 mm/rev.. Cutting time : The dry type continuation high-speed-cutting trial of nickel radical 
alloy in the conditions of 10 minute **, Furthermore, the round bar of** [-ed ] material: JIS-S15C, cutting- 
speed:400m/min., slitting: The dry type continuation high-speed-cutting trial of the mild steel in the conditions of 
1.5mm, delivery:0.25mm/rev., and cutting-time: 1 5-minute ** was performed, and any cutting trial measured the flank 
wear width of face of a cutting edge. This measurement result was shown in Table 5. 
[0015] 
[Table 1] 
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[0020] 

[Effect of the Invention] From the result shown in Tables 1-5, this invention covering cermet tools 1-10 with which 
the diffusion permeation oxygen content band was formed in the cutting face surface section Stainless steel and 
mild steel with which the adhesion over the cutting side of a chip comes to increase much more, Furthermore, the 
frictional resistance between a chip and a cutting face, i.e., a chip and said diffusion permeation oxygen content 
band, also becomes continuation high speed cutting, such as nickel radical alloy, with a very low thing. As opposed 
to continuing and demonstrating the cutting-ability ability which does not have generating of a chip or a chipping in 
a cutting face, and was excellent in it at a long period of time, since the cutting flow of a chip advances smoothly It 
is clear for the adhesion over the cutting face of said chip to become very high, and for a chip and a chipping to 
occur in a cutting face owing to this, and to result in a use life comparatively in the covering cermet tools 1-10, for 
a short time conventionally without formation of said diffusion permeation oxygen content band. As mentioned 
above, the covering cermet tool of this invention Not to mention continuation cutting on the usual conditions and 
intermittence cutting of various low alloy steel, cast iron, etc. The cutting-ability ability excellent also in high speed 
cutting, such as stainless steel with especially high viscosity and the high adhesion over the cutting face of a chip 
and mild steel, is demonstrated. Since the versatility which is not influenced is in the kind of material of **-ed 
material, they are laborsaving and energy saving of cutting, and the thing which can respond to low cost-ization 
enough further at satisfaction at FA-ized list of cutting equipment 
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